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SPECIFICATION 

1. Title of the Invention 

Lignin glycoside and its use 

2. What is claimed is: 

1. A lignin glycoside having the following properties, 

(i) Lignin and polysaccharide are bonded . 

(ii) The molecular weight is 60000 to 140000. 

(iii) The bonding ratio of lignin and polysaccharide is 
1:1 to 20:1 (molecular ratio), 

(iv) Polysaccharide is composed of 60 to 70% of uronic 
acid, and 30 to 40% of neutral sugar, 

2 . A poly- (ADP-ribose) glycohydrolase inhibitor mainly 
compos d of lignin .glycoside, 

3. A cytokine action intensifying agent mainly composed 
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of lignin glycoside, 

4 . A cytokine production inducing agent mainly composed 
of lignin glycoside, 

5. A cancer immunotherapeutic agent mainly 
composed of lignin glycoside. 

3. Detailed Description of the Invention 

[Industrial Field of Utilization] 
The present invention relates to a novel lignin glycoside 
and its use. 

[Prior Art • Problems to be Solved by the Invention] 

Almost all existing anticancer drugs have the action of 
suppressing DNA synthesis or cell division, but present similar 
actions also to normal cells. By making use of a slight 
difference that the cancer cells are fast in cell division while 
normal cells are slow, treatment is established by giving more 
damages to cancer cells. Damages received by normal cells are 
expressed as side effects, and it is an important point in cancer 
treatment how far the body can withstand such side effects. 

By nature, cancer treatment should be based on biology 
and biochemistry of cancer cells, but actually such cancer 
therapy is not realized yet. 

As causes of cancer, traditionally, carcinogen, 
radiation and virus have been pointed out, and it has been 
clarified that cells are turned cancerous by the gene 
information of the cancer virus, and the term "oncogene" has, 
been coined. It was later hypothesized that the oncogene is 
present also in normal cells and is switched on by some cause 
to make the cells cancerous. As the hypothesis was discussed 
and proved further, and the hypothesis is generally accepted 
nowadays. 

In genomes of higher animals, there are 50 kinds or more 
proto-oncogenes that can be oncogenes, and they play important 
physiological functions in proliferation and differentiation 
of normal cells. Therefore it gives rise to possibility of 
control of cell proliferation or control of cancer at the level 
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of genes or at the level of gene products . It is an object of 
the invention to develop a cancer remedy capable of suppressing 
the stage of expression of oncogene by a specific inhibitor. 
Using mouse mammary tumor cells of which expression of inserted 
mouse mammary tumor virus (MMTV) is controlled by corticoid, 
it has been discovered that expression of MMTV gene is triggered 
by de-poly-ADP-ribose reaction in chromatin protein. That is, 
as poly-ADP-ribose is decomposed, the local change of chromatic 
structure is considered to be finally related to promotion of 
bonding and transfer of RNA polymerase to promoter [Journal of 
Biological Chemistry, 258: 15371 (1983)]. 

Accordingly, tho present inventor expected that the 
oncogene would not be activated if decomposition of poly- 
ADP-ribose could be inhibited, and hence isolated and refined 
poly- (ADP-ribose) glycohydrolase which is an enzyme 
responsible for decomposition of ADP-ri£>ose Trom the human 
placenta, and searched for compounds having an inhibitory 
action on this enzyme, and then discovered a potent inhibitory 
activity in certain natural compounds* 

Moreover, such compounds were found to have completely 
new activities for intensifying the cell killing action and cell 
division inducing action possessed by the tumor necrosis factor 
(TNF) , and this intensifying effect was discovered to be derived 
from heightening of bonding affinity of TNF to the TNF receptor. 
Still more, the compounds were known to have an action of 
inducing production of TNF and interleukin I from macrophage. # 
By further promoting the investigation, a novel compound usable 
as a pharmaceutical having an anticancer action based on 
poly- (ADP-ribose) glycohydrolase inhibition, and TNF and other 
cytokine induction and their action intensifying effect was 
discovered, and the invention was completed. 

[Means of Solving the Problems] 

That is, the invention is characterized by the following. 
1, A lignin glycoside having the following properties. 

(i) Lignin and polysaccharide are bond d, 

(ii) The molecular weight is 60000 to 140000, 
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(iii) The bonding ratio of lignin and polysaccharide is 
1:1 to 20:1 (molecular ratio). 

(iv) Polysaccharide is composed of 60 to 70% of uronic 
acid, and 30 to 40% of neutral sugar. 

2 . A poly- (ADP-ribose ) glycohydrolase inhibitor mainly 
composed of lignin glycoside. 

3. A cytokine, that is, tumor necrosis factor (TNT) 
action intensifying agent mainly composed of lignin glycoside. 

4. A cytokine (TNF, IL-1) production inducing agent 
mainly composed of lignin glycoside. 

5. A cancer immunotherapeutic agent (by combined use 
with TNF or other cytokine) mainly composed of lignin glycoside. 

The lignin glycoside of the invention is a bonded 
composition of lignin and sugar (polysaccharide) . Lignin and 
sugar (polysaccharide) are bonded by ether bonding. The 
bonding ratio of lignin: constituent sugar is, for example, 
about 1: 3 to 5 by weight. The molecular ratio of lignin and 
polysaccharide is, for example, about 1 to 20: 1. 

The sugar component of lignin glycoside is composed of 
uronic acid and neutral sugar. The composition is, for example, 
about 60 to 70% of uronic acid, and 30 to 40% of neutral sugar. 

The neutral sugar includes glucose, galactose, mannose 
and arabinose. The composition is, for example, about 15 to 
20 mol % of glucose, 25 to 30 mol % of galactose, 35 to 50 mol % 
of mannose, and 10 to 15 mol % of arabinose. 

These constituent sugars have a structure of saccharides' 
on the whole, and form a polysaccharide. 

The molecular weight of lignin glycoside is about 80000 
to 140000, and the molecular weight of polysaccharide portion 
is about 40000 to 100000. The molecular weight of lignin 
portion is about 1000 to 10000. 

The lignin glycoside of the invention is composed of the 
following elements: for example, about 35 to 45 wt.% of c atom, 
1 to 10 wt.% of H atom, and 45 to 64 wt.% of O atom. 

The lignin glycoside of the invention is prepared in the 
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following manner. 

The starting material includes, for example, tea (leaves, 
twigs), lithospermum root, trisaccharide root, ginseng, pine 
(cones, leaves), grass dogwood (stem). 

The material is treated in the solvent (for example, hot 
water, ethanol, acetone) . The treating time is about 1 to 15 
hours. The treated material is extracted in an alkaline 
solution (0.1 to IN sodium hydroxide, ammonium, etc.). The 
extracted liquid is adjusted to pH 4 to 6, and ethanol is added 
by 1 to 5 times in amount, and the precipitation fraction is 
recovered. The precipitation fraction is refined by gel 
filtration, and the active portion is recovered* 

Thus obtained lignin glycoside can be treated by dialysis, 
centrifugal separation, f reeze-drying, etc. 

The lignin glycoside of the invention has poly-(ADP- 
ribose) glycohydrolase inhibitory action, and TNF production 
induction and intensifying effect of its action, and presents 
poly- {ADP-ribose) glycohydrolase inhibitory activity, and TNF 
production induction and intensifying activity of its action 
to mammals including humans (human, horse, dog, mouse, guinea 
pig, rat, etc.) , and is useful for treatment and prevention of 
malignant tumor and viral infection as poly- (ADP-ribose) 
glycohydrolase inhibitor, and TNF production induction and its 
action intensifying active agent. 

The lignin glycoside of the invention is administered 
either orally or parenterally . 

The lignin glycoside is administered either alone or in 
a form of pharmaceutical preparation together with a 
pharmaceutical^ allowable carrier. The preparation is 
manufactured by a known method . The dosage forms include tablet , 
capsule , powder, suppository, injection, etc. 

The lignin glycoside is administered, for example, by 
oral route, usually by about 0.1 to 100 mg/kg of body weight 
a day either once or in several divided portions, but the dose 
may be changed depending on the age, body weight and/or severity 
of the disease to be treated and reaction to treatment. 
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Toxicity test 

The toxicity of the lignin glycoside of the invention in 
mice was investigated, and, by oral administration, the LD 50 
value was 100 mg/kg or more, and the LD 50 value was extremely 
high, and this is a compound with a broad safety region. 

[Embodiments] 

Embodiment 1 

The lignin glycoside was extracted in the following 
operation. 
Example 

Pinecone 
I 

Extraction in hot water 

The boiling time varies with the amount of pinecones or 
I amount of water, but is usually 2 hours x 3 times. 

Extraction in ethanol 

Pinecones extracted in hot water are half dried, and 
immersed in ethanol, and let stand overnight at room 
I temperature. 
Extrac tion in acetone 

Pinecones extracted in ethanol are half dried, and 
immersed in acetone, and let stand overnight at room 
I temperature. 

Extraction *n P.3N sodium hydroxide for a m monia) solnn^n 

Pinecones extracted in acetone are dried by lamp, and 
extracted in 0.3N sodium hydroxide solution while stirring 
for 6 hours (or overnight) . Acetic acid is added to this 
extracted liquid, and the pH is returned to 5.0. The 
i precipitate ie removed by high speed centrifugal operation. 
Precipi tation in ethanol 

An equivalent amount of ethanol is added to the extracted 
liquid, and let stand overnight in a cold room. The 
precipitate is collected by high speed centrifugal 
operation . 

I The precipitate is dissolved in water and dialyzed in water. 
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Fffeezq-dryinq 

The dialyzed solution is freeze-dried, and powder is 
4 obtained. 
Gel filtration 

The freeze-dried powder is refined by Sepharose CL-4B 
(the moving bed is 0.1 N NaOH) . Active fractions are 
collected, acetic acid is added to return the pH to 5.0, and 
an equivalent amount of ethanol is added, and letting stand 
in ice for 1 to 2 hours, the precipitate is collected by high 
speed centrifugal operation. The precipitate is dissolved 
in 10% ethanol, and is further refined by Toyopearl HW-40F 
(the moving bed is 10% ethanol) . Active fractions are 
collected, dialyzed in water, and free2e-dried, and powder 
is obtained. 



Embodiment 2 

To investigate the characteristic of the structure* of 
sugar portion (glycone) and non-sugar portion (aglycone) of the 
lignin glycoside, the glycoside was separated into glycone and 
aglycone by methanolysis (decomposition into methanol and 
hydrochloric acid) or chlorite (NaCl0 2 ) method, and analyzed. 
The results are as follows. 
[Analysis of glycone] 

Molecular weight : 60000 to 100000 by Sepharose CL-4B gel 
filtration method. 

Composition of sugar a) {%) (total wt.%) 

Uronic acid 63.4 48.8 

Neutral sugar 36.6 28.2 

It is a feature that 2/3 of glycone is Uronic acid. 



Composition of neutral sugar b) (mol %) 

Glucose 18.2 

Galactose 27.4 

Mannose 40.2 
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Arabinose 13,8 
Fucose 0 

Neutral sugar contains glucose, galactose, mannose, and 
arabinose, but does not contain fucose* 

a) Uronic acid was determined by carbazole method, and 
neutral sugar by phenol sulfate method, 

b) The composition of neutral sugar was analyzed by gas 
chromatography after transforming methyl glycoside produced by 
methanolysis into trimethyl. 

[Analysis of aglycone] 

Molecular weight: 400012000 by sepharose CL-6B gel 
filtration method. 

Analysis of infrared absorption (IR) 

IRwas measured by using KBr disk. 

As a result f an absorption having a peak at 3400 cm' 1 was 
detected in a range of 3500 to 3700 cm* 1 . This absorption 
indicates the presence of phenolic hydroxyl group. The 
absorption around 1600 cm" 1 shows an aromatic double bond. 
Since there is no absorption of carbonyl group around 1700 cm" 1 , 
there is no ester bond as noted in tannin, and it is proved to 
be a compound polymerized by ether bond as observed in lignin/ 

Including the fingerprint region, the entire spectrum is 
extremely similar to that of lignin (alkali). 

From the above results of IR spectrum, the aglycone of 
this glycoside is estimated to be a lignin-like compound, not 
tannin-like compound. 

Analysis of ultraviolet absorption (OV) 

Maximum absorption was detected at 280 nm, and minimum 
absorption at 260 nm. 

280/260 = 1.02 

Lignin also has a similar UV spectrum. 
280/260 = 1.03 

The presence of aromatic group (probably phenol) is 
indicated by UV spectrum. 

Analysis of electron spin resonance (ESR) 
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Same as in lignin, g = 2.004 ESR signal is detected, and 
it is known to contain a structure having a stable free radical. 
Such signal is not observed in tannin. 
[Analysis of lignin glycoside] 

The feature as the entire lignin glycoside is as follows. 
Element analysis (weight %) 

C 39.83 
H 4.41 
0 55.73 
N 0.03 or less 

S 0 
Since nitrogen and sulfur are not contained, it is free 
from protein and sulfate group, and the molecular weight by 
Sepharose CL-4B gel filtration method is about 110000. 

The bonding ratio of lignin and sugar is about 1:4 by 
weight . 

Therefore, it is a feature of this glycoside that it 
contains uronic acid by about 50% of the total weight as sugar 
component (glycone). The neutral sugar includes glucose, 
galactose, mannose, and arabinose. The non-sugar component 
(aglycone) is composed of lignin. 

This glycoside is an O-glycoside having the reduction end 
lactol hydroxyl group of sugar bonded in ether form with 
alcoholic or phenolic hydroxyl group of lignin by dehydration 
and condensation. The bonding ratio of lignin and sugar is 
about 1:4 by weight, and in particular it is a lignin glycoside 
(as classified by the feature of aglycone) with molecular weight 
of about 110000 with a large content of uronic acid of acid sugar. 

The estimated structural model of the glycoside is as 
shown in the diagram. 
Test example 1 

Inhibitory effect on poly- (ADP-ribose) glycohydrolase 

To a buffer for assay (0,01% bovine serum albumin, 10 mM 
mercaptoethanol, 50 mM potassium phosphate, pH 7.0), 3 H- 
(ADP-ribose) n « l9 was added, and to 27 nl thereof, further, the 
substance to be tested and nuclear derivative poly- (ADP-ribose) 
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glycohydrolase solution prepared from human placenta were added 
to make up 30 jil in total, which was incubated for 1 hour at 
37°C. Later, the reaction solution was absorbed in DE81 filter 
paper, and the filter paper was washed in water, ethanol and 
acetone, and was dried, and the unreacted substrate 3 H- 
(ADP-ribose) was measured by liquid scintillation counter, and 
the inhibitory action of the test substance on this enzyme was 
investigated. Results are shown in Table 1, which shows all 
tested substances inhibited poly- (ADP-ribose) glycohydrolase 
dose-dependently. 



Table 1 

Inhibitory activity of lignin glycoside on poly- (ADP-ribose) 
glycohydrolase 



Concentration of lignin 
glycoside (jag/ml) 


Activity of poly- (ADP- 
ribose) glycohydrolase (%) 


0 


100 


1 


83 


3 


48 


10 


17 


30 


8 



Test example 2 

Inhibitory effect on gene expression 

The gene expression system used in the test was 341 
strains of mouse mammary tumor cells having mouse mammary tumor* 
virus (MMTV) genes which are saccharide corticoid susceptible 
genes. The cell, in the presence of saccharide corticoid, 
expresses 35S RNA, and 24S RNA further undergoing splicing. 
This expression can be detected by using cDNA of the env portion . 
Herein, the test substance was added to 341 strains by 30 jig/ml, 
and incubated for 30 minutes at 37°c, and dexamethazone was added 
to the system by 10~ 7 M, and it was further incubated for 1 hour. 
Then, 341 cells were collected, high molecular RNA was extracted 
by guanidine-hydrochloric acid m thod, and after treating for 
5 minutes at 60°C (20 mM MDPS, pH 7.0, 5 mM sodium sulfate, 1 
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raM EDTA) , electrophoresis was conducted (40 V, 16 h) by 1,2% 
agarose gel (same buffer) . Consequently, transferring to 
nitrocellulose, 32 P-MMTV-DNA (cDNA specific to env) was 
hybridi2ed, and an autoradiogram was prepared by X-ray film. 
Using the autoradiogram, the concentration of 35S and 24S RNA 
bands was measured by densitometer, and the RNA expression 
amount was determined, and the result was compared with the 
control without addition of test substance, and the RNA 
expression inhibitory rate was calculated. As the result is 
shown in Table 2, the test substance presented the MMTV gene 
expression inhibitory action. 

Table 2 

Action of lignin glycoside on expression of mouse mammary tumor 

virus (MMTV) gene 

Dexamethazone Lignin glycoside Sensitivity of 



flO" 7 M) (30 U qml) 35S,24S bands 

1 + - ++++ 

2 + . + 

3 - + 

J ± ± ±± 



1: positive control, 2 and 3: negative control, 4; test group 
Test example 3 

Carcinostatic effect on mouse experimental tumor 

In the abdominal cavity of mouse, 1 x 10* tumor cells of 
sarcoma 180 were transplanted, and the test substance was 
continuously administered intraperitoneally for 1 to 4 days 
after transplantation. The antitumor activity was determined 
by the survival rate by comparison with the normal saline 
administration group. The experiment was terminated on the 
45th day aftor tumor transplantation. The results are shown 
in Table 3, and the test substance presented a carcinostatic 
action. 

Table 3 

Carcinostatic action of lignin glycoside on mouse tumor sarcoma 
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180 



Sample 



Dose 



T/C 



(ma/kg 



ILL 

100 



None 



Lignin glycoside 



40X4 
20X4 
10X4 
5X4 



108 
206 
120. 



The lignin glycoside was administered for 4 days 
consecutively from the day after transplantation. 
Test example 4 

Intensifying effect of TNF action on mouse fibroblastoma 
cell L-929 

The cell killing action of TNF can be evaluated by 
measuring the stain concentration by staining the surviving 
viable cells by making use of adhesion of L-929 cells to Petri 
dish. Accordingly, the test substance was added to L-929 cells, 
actinomycin D was added by 4 ug/ml, and further TNF was added 
to incubate for 18 hours at 37*c. The plate was washed in normal 
saline, and dead cells were removed. Then viable cells were 
stained with 0.1% crystal violet, the stained viable cells were 
dissolved in 0.5% SDS, the pigment concentration was measured 
at OD 590 nm, and the intensifying effect on TNF action was 
studied. The results are shown in Table 4, in which all test, 
substances intensified the cell killing action of TNF dose- 
dependent ly. 

Table 4 

Intensifying effect of TNF action on mouse fibroblastoma cell 
L-929 

Lignin glycoside CD 50 concentration Intensifying 
concentration" of TNF (g/ml) factor (%) 



0 



0.034 



100 
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3 0-015 221 
10 0.0062 548 
30 0.0044 773 
lfifl OrQ074 458 



Test example 5 

Carcinostatic effect by combined use of TNF on mouse 
experimental tumor 

By transplanting 1 x 10 6 cells of sarcoma 180 tumor 
subcutaneously in mice, the test substance and TNF were 
consecutively administered for 1 to 5 days after 
transplantation. The antitumor activity was determined by the 
survival rate by comparison with saline administration group. 
The experiment was terminated on 45th day after transplantation. 
The results are shown in Table 5, and the test substance 
presented a potent carcinostatic effect by concomitant use of 

TNF. 

Table 5 



Effect of concomitant use of lignin glycoside and TNF on mouse *.r 
tumor sarcoma 180 



Sample 


Concentration 


T/C 




lna/Va) 


(1) 


0 




100 


TNF 




118 


TNF+ 


40X4 


191 


Lignin glycoside 


20X4 


298 




10X4 


254 




5X4 


188 



Lignin glycoside was administered, together with TNF, for 
4 days consecutively from the day after transplantation. 

4. Brief Description of the Drawing 

The drawing shows the estimated structure of the lignin 
glycoside of the invention. 
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1 : Sugar 
2 : Lignin 

Applicant: The Green Cross Corp. 

Attorney: Hajime Takashima, patent attorney 
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